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(54) An apparatus for creating a corneal flap

(57) A method for creating a corneal flap for use in
a corneal reshaping procedure includes the step of cre-
ating a periphery for the flap by subsurface photoabla-
tion of the cornea using a laser beam. Specifically, tissue
located at the interface between layers of stromal lamel-
lae is photoablated to create the periphery. To accom-
plish this, the size of the bubbles created during photo-
ablation are monitored using a wavefront detector and
the photoablation depth is altered when the bubble size
indicates that photoablation is not occurring at an inter-
face. With the periphery established, an incision is made
into the cornea extending between the anterior surface
of the cornea and the periphery. Next, the corneal tissue
bounded by the incision is lifted to mechanically sepa-
rate the flap from the remainder of the cornea along the
interface between layers of lamellae.
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Description

FIELD OF THE INVENTION

[0001] The present invention pertains generally to
ophthalmic laser surgery procedures. More particularly,
the present invention pertains to apparatus which facil-
itate methods for creating corneal flaps (or peripheries
for subsequent creation of corneal flaps), for use in cor-
neal reshaping procedures. The present invention par-
ticularly, but not exclusively, useful employs a pulsed la-
ser beam to efficiently create a corneal flap that can be
lifted to expose stromal tissue for photoablation.

BACKGROUND OF THE INVENTION

[0002] The cornea provides approximately two thirds
of the total focusing power of the eye. Along with the
lens, the cornea refracts incoming light and focuses the
light on or near the retina. The curvature of the cornea
determines where the incoming light will be focused. If
the curvature of the cornea is too steep relative to the
length of the eye, light from distant sources will be fo-
cused in front of the retina, causing a vision impairment
known as myopia (near-sightedness). Similarly, if the
curvature of the cornea is too flat relative to the length
of the eye, light from close sources will be focused be-
hind the retina, causing a vision impairment known as
hyperopia (far-sightedness). Finally, when the curvature
of the cornea is non-uniform, light from both close and
distant sources will fail to properly focus on the retina,
resulting in a blurring of vision known as astigmatism.
[0003] The refractive errors mentioned above can
generally be corrected using eyeglasses or contact
lenses. Alternatively, the cornea of the eye can be sur-
gically reshaped to provide the needed optical correc-
tion. Currently, the most popular technique for reshaping
the cornea is laser-assisted in situ keratomileusis
(LASIK). In the widely used LASIK procedure, a micro-
keratome is used to cut a flap in the cornea. Next, the
flap is lifted to expose a bed of stromal tissue. Once ex-
posed, the bed of stromal tissue is vaporized to a pre-
scribed depth using an excimer laser. After laser treat-
ment, the flap is repositioned and allowed to heal. The
result is a reshaped cornea. Unfortunately, the creation
of a flap using a microkeratome can result in some com-
plications. For example, the effective creation of the flap
with the microkeratome often relies on the skill of the
surgeon. Complications can result if the flap is cut im-
properly or completely severed from the cornea. Fur-
ther, use of the microkeratome requires the eye to be
restrained from movement, often causing patient dis-
comfort. Additional drawbacks associated with using a
microkeratome to create a flap include the inability to
control the shape of the flap and the fact that a relatively
large amount of corneal tissue needs to be cut to create
the flap.
[0004] As an example of another corneal reshaping

procedure, U.S. Patent No. 4,907,586, which issued to
Bille et al. for an invention entitled "Method for Reshap-
ing the Eye," discloses an intrastromal photoablation
technique for reshaping the cornea. Importantly for the
purposes of the present invention, the above cited Bille
patent discloses the use of a pulsed laser beam for pho-
toablation of intrastromal tissue. Unlike the excimer la-
ser, the pulsed laser beam, as disclosed by Bille, pene-
trates corneal tissue and can be focused at a point below
the surface of the cornea to photoablate stromal tissue
at the focal point. The ability to reach a subsurface lo-
cation without necessarily providing a physical pathway
allows for volumes of stromal tissue having complex
shapes to be accurately disrupted, while minimizing the
amount of total tissue disrupted. The present invention
uses subsurface photoablation to create a portion of a
corneal flap or a periphery therefor.
[0005] When considering the use of subsurface pho-
toablation to create a flap for corneal reshaping, a gen-
eral knowledge of the anatomy of the cornea of an eye
is helpful. In detail, the cornea comprises various layers
of tissue which are structurally distinct. In order, going
in a posterior direction from outside the eye toward the
inside of the eye, the various layers in a cornea are: an
epithelial layer, Bowman's membrane, the stroma, De-
cemet's membrane, and an endothelial layer. Of these
various structures, the stroma is the most extensive and
is generally around four hundred microns thick. Addi-
tionally, the healing response of the stromal tissue is
generally quicker than the other corneal layers. For
these reasons, stromal tissue is generally selected for
removal in refractive correction procedures.
[0006] In detail, the stroma of the eye is comprised of
around two hundred identifiable and distinguishable lay-
ers of lamellae. Each of these layers of lamellae in the
stroma is generally dome-shaped, like the cornea itself,
and they each extend across a circular area having a
diameter of approximately nine millimeters. Unlike the
layer that a particular lamella is in, each lamella in the
layer extends through a shorter distance of only about
one tenth of a millimeter (0.1 mm) to one and one half
millimeters (1.5mm). Thus, each layer includes several
lamellae. Importantly, each lamella includes many fibrils
which, within the lamella, are substantially parallel to
each other. The fibrils in one lamella, however, are not
generally parallel to the fibrils in other lamellae. This is
so between lamellae in the same layer, as well as be-
tween lamellae in different layers. Finally, it is to be not-
ed that, in a direction perpendicular to the layer, each
individual lamella is only about two microns thick.
[0007] Somewhat related to the present invention, a
method and apparatusfor finding an interface between
layers of lamellae for photoablation using a wavefront
analyzer and an ellipsometer was disclosed in co-pend-
ing European application no. 01204167.9 which is pub-
lished as EP 1 232 734 A1 (and based on U.S. Patent
Application No. 09/783,665, filed on February 14, 2001)
by Bille and entitled "A Method for Separating Lamel-
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lae." As such, the contents of co-pending European ap-
plication are hereby incorporated herein by reference.
In co-pending European application no. 01204167.9, a
procedure for creating a corneal flap for a LASIK type
procedure was presented. Unlike the present invention,
the method disclosed in European application no.
01204167.9 involved using subsurface photoablation to
cut the entire inner surface for the flap. The present in-
vention, in contrast, contemplates using subsurface
photoablation along an interface solely for the purpose
of establishing a periphery for the flap. This periphery,
in turn, can be used as a starting point to allow layers
of lamellae to be separated from each other along an
interface by simply peeling the flap away from the re-
mainder of the cornea.
[0008] Within the general structure described above,
there are at least three important factors concerning the
stroma that are of interest insofar as the creation of a
corneal flap is concerned. The first of these factors is
structural, and it is of interest here because there is a
significant anisotropy in the stroma. Specifically, the
strength of tissue within a lamella is approximately fifty
times the strength that is provided by the adhesive tis-
sue that holds the layers of lamella together. Thus, much
less energy is required to separate one layer of lamella
from another layer (i.e. peel them apart), than would be
required to cut through a lamella. The second factor is
somewhat related to the first, and involves the stromal
tissue response to photoablation. Specifically, for a giv-
en energy level in a photoablative laser beam, the bub-
ble that is created by photoablation in the stronger la-
mella tissue will be noticeably smaller than a bubble cre-
ated between layers of lamellae. The third factor is op-
tical, and it is of interest here because there is a change
in the refractive index of the stroma between successive
layers of lamellae. This is due to differences in the ori-
entations of fibrils in the respective lamella. When con-
sideration is given to using a laser beam for the purpose
of creating a corneal flap in a LASIK procedure, these
factors can be significant.
[0009] In light of the above, it is an object of the
present invention to provide an apparatus which facili-
tates efficient surgical creation of a corneal flap suitable
for use in a corneal reshaping procedure. Another object
of the present invention is to provide an appartus for fa-
cilitating creation of a corneal flap that minimizes the
amount of corneal tissue that must be cut to create the
flap. It is yet another object of the present invention to
provide an apparatus that facilitates creation of a cor-
neal flap and which allows for the accurate positioning
of the corneal flap at a predetermined location on the
cornea. It is still another object of the present invention
to provide an apparatus which facilitates creation of a
corneal flap that allows for the size and shape of the
corneal flap to be closely controlled. Still another object
of the present invention is to provide an apparatus for
facilitating creation of a corneal flap that is easy to em-
ploy and is comparatively cost effective.

SUMMARY OF THE PREFERRED EMBODIMENTS

[0010] In accordance with the present invention, an
apparatus which facilitates a method for creating a cor-
neal flap suitable for use in a corneal reshaping proce-
dure is provided. In particular the invention provides an
apparatus for establishing a periphery for subsequent
creation of a corneal flap for an ophthalmic procedure,
said apparatus comprising:

a laser source for creating a laser beam;
a means for directing said laser beam to a focal
point at a location on an interface between layers
of stromal lamellae to photoablate stromal tissue at
said focal point;
a means for sequentially moving said focal point
along a predetermined path to other said focal
points within the stroma to photoablate stromal tis-
sue to photoablate a periphery for said flap.

[0011] The procedure facilitated by the apparatus in-
cludes the step of focusing a laser beam to a location
between layers of stromal lamellae and photoablating
tissue at the interface between these layers. Next, while
maintaining the focal point at locations between layers
of stromal lamellae, the focal point is moved along a path
within the stroma to photoablate a periphery for the flap.
With the periphery of the flap established, the edge of
the flap is created by making an incision into the cornea
that extends from the anterior surface of the cornea to
the periphery of the flap.
[0012] Once the edge of the flap is created, corneal
tissue bounded by the incision can be lifted to mechan-
ically separate the flap from the underlying tissue of the
cornea. Specifically, as the corneal tissue bounded by
the incision is peeled from the remainder of the cornea,
layers of lamellae are mechanically separated from
each other to create the flap. More specifically, the lay-
ers of lamellae are mechanically separated from each
other along the interface between the layers. With the
flap created and lifted, an excimer laser can then be
used to photoablate exposed stromal tissue and re-
shape the cornea. After photoablation of the exposed
stromal tissue, the flap can be repositioned over the ex-
posed stromal tissue and allowed to heal. The result is
a reshaped cornea.
[0013] As indicated above, to create the periphery of
the flap in accordance with the present invention, the
rays of a laser beam must be focused to a location be-
tween layers of lamellae to photoablate tissue at the in-
terface between these layers. To position the focal point
on the interface between layers, the laser beam is first
focused to a start point in the stroma. Preferably, this
start point will be at a predetermined distance into the
stroma from the anterior surface of the cornea. This pre-
determined distance will correspond roughly to the de-
sired thickness for the flap (for example, a distance of
approximately one hundred and eighty microns can be
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used).
[0014] With the laser beam focused at the start point,
tissue at the start point is photoablated by the laser
beam to generate a photoablative response (i.e. a bub-
ble is created). The size of this bubble is then measured
and compared with a reference value to determine
whether the bubble was created on an interface be-
tween layers of lamellae or inside a lamella. The meas-
urement of the bubble is preferably accomplished with
a wavefront detector. If it is determined that the initial
bubble was created inside a lamella, a subsequent bub-
ble is created at a different point in the stroma. In most
cases, this subsequent bubble is created at a shorter
depth from the anterior surface of the cornea than the
initial bubble. The new bubble is then compared to the
reference value to determine whether the new bubble
was created on an interface between layers of lamellae.
This process is continued until a bubble is created hav-
ing a bubble size indicating that photoablation is occur-
ring on an interface between layers of lamellae.
[0015] For the purposes of the present invention, the
reference value is chosen to correspond to a hypothet-
ical gas bubble in the stroma that, as a result of photo-
ablation, would have a diameter of approximately fifteen
microns. A condition wherein the measured bubble is
greater than the reference value is indicative that the
photoablation of tissue is occurring in the stronger tissue
that is located on an interface between layers of lamel-
lae rather than inside of a lamella.
[0016] Once a bubble is created indicating that pho-
toablation has occurred at a location on an interface be-
tween layers of stromal lamellae, the focal point of the
laser is moved along a path within the stroma to photo-
ablate the periphery of the flap. As the laser is moved
along the path, the focal point is maintained on the in-
terface between layers of stromal lamellae. From the
first point found on the interface, the next point selected
for photoablation along the path is chosen at approxi-
mately the same depth as the first point. After the pho-
toablation of each point, the resulting bubble is meas-
ured and compared to the reference to ensure that pho-
toablation is occurring on the interface. In this manner,
photoablation along the path is continued at a constant
depth until the measured bubble is less than the refer-
ence value. When a bubble is measured to be less than
the reference value, the indication is that the focal point
is no longer positioned on the interface. When the focal
point is no longer positioned on the interface, the depth
of the focal point is altered until a bubble is produced
that is larger than the reference value (indicating that
photoablation is again occurring on the interface).
[0017] The process described above is continued un-
til the periphery of the flap is completed. The resulting
periphery consists of a cut along an interface between
layers of stromal lamellae. Generally, the periphery fol-
lows a curved line that is centered approximately on the
optical axis of the eye and extends through an arc of
about two hundred and seventy degrees. Typically, the

entire periphery can be created on a single common in-
terface between layers of lamellae. For this purpose, an
ellipsometer is provided to detect a birefringent condi-
tion at each location that is photoablated. Specifically,
this birefringent condition results from the orientation of
fibrils in the lamella. Further, it is known that from one
interface between layers of lamellae to another there will
be a birefringent change that is manifested as a change
in phase of about one half degree. In accordance with
the present invention, the detection of the birefringent
change can indicate a change from one interface to an-
other. Consequently, detection of the birefringent
change can be used to establish and maintain the focal
point on a single interface between layers of lamellae
while the focal point is moved along the path to cut the
periphery for the flap. The result is a periphery for the
flap that is created on a single interface between layers
of lamellae.
[0018] In some cases, due to the anatomy of the cor-
nea or the shape of the desired flap, the entire periphery
cannot be created on a single interface between layers
of lamellae. In these cases, two or more interfaces may
need to be photoablated to create the periphery of the
flap. When this is required, it may be advantageous to
alter the energy level of the laser beam when transition-
ing from one interface to another. Specifically, a higher
energy is generally required to efficiently photoablate
within a layer of lamellae than is required to efficiently
photoablate on an interface between layers of lamellae.
For example, an energy of approximately five micro-
joules for a ten micron diameter spot size is suitable for
photoablation on an interface between layers of lamel-
lae, while a somewhat larger energy is more efficient for
photoablation within a layer of lamellae.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The novel features of this invention, as well as
the invention itself, both as to its structure and its oper-
ation, will be best understood from the accompanying
drawings, taken in conjunction with the accompanying
description, in which similar reference characters refer
to similar parts, and in which:

Fig. 1 is a schematic diagram, in a closed-loop feed-
back control format, showing the operative compo-
nents of an apparatus that is useful for performing
the methods of the present invention;
Fig. 2 is a perspective view of a corneal flap;
Fig. 3 is a sectional view of a cornea after the pe-
riphery and edge of a flap have been established;
Fig. 3A is an enlarged sectional view of the cornea
as seen by enclosing line 3-3 in Fig. 3, showing an
interface between layers of stromal lamellae;
Fig. 4 is a plan view of a cornea after the periphery
and edge of a flap have been established;
Fig. 5 is a logic flow chart of the sequential steps to
be accomplished in accordance with the methods
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of the present invention; and
Fig. 6 is a sectional view of a corneal flap, after the
flap has been peeled back from the remainder of
the cornea.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] Referring initially to Fig. 1, an apparatus of the
present invention is shown schematically in a control
loop format and is generally designated 10. As shown,
the apparatus 10 includes a laser source 12 which, pref-
erably, is capable of generating a continuous train of ul-
tra-short pulses, with each pulse having a pulse duration
of approximately one pico-second. Specifically, it is nec-
essary that each pulse have an energy level that is
above the threshold necessary for the photoablation of
stromal tissue (i.e. above approximately one and one
half microjoules per ten micron diameter spot size). The
apparatus 10 also includes an ellipsometer 14 that is
capable of determining the birefringent properties within
stromal tissue. For the purposes of the present inven-
tion, an ellipsometer of the type disclosed and claimed
in U.S. Patent No. 5,822,035, which issued to Bille for
an invention entitled "Ellipsometer," is suitable. Further-
more, Fig. 1 shows that the apparatus 10 includes a
wavefront detector 16, such as a Hartmann-Shack sen-
sor, which is capable of modeling a wavefront. Addition-
ally, the apparatus 10 includes guidance optics 18 that
are capable of steering and focusing a laser beam onto
predetermined focal points. A power unit 20 is also pro-
vided. In combination, these components cooperate
with each other to generate a laser beam 22 that is di-
rected to a focal point in the cornea 24 of an eye 26 with
a predetermined energy level. Control over this opera-
tion, to include the location of the focal point and its en-
ergy level, is made possible by using the ellipsometer
14 and the wavefront detector 16 to monitor reflected
light 28 as it is reflected from the cornea 24.
[0021] Referring now to Figs. 2-4, a corneal flap 30
prepared in accordance with the present invention is
shown. As detailed further below, the flap 30 is prepared
by first cutting a periphery 32 for the flap 30. As best
seen with cross-reference to Figs. 2 and 3, a typical pe-
riphery 32 follows a curved line that is centered approx-
imately on the optical axis 33 of the eye 26 and extends
through an arc of about two hundred and seventy de-
grees. With the periphery 32 established, an incision
can be made extending from the anterior surface 34 of
the cornea 24 to the periphery 32 to establish an edge
36 for the flap 30. Once the edge 36 is created, the flap
30 can be peeled from the remainder of the cornea 24
to expose a bed of stromal tissue 38. After exposure,
the bed of stromal tissue 38 can be photoablated using
an excimer laser (not shown). After photoablation with
the excimer laser, the flap 30 can be repositioned over
the bed of stromal tissue 38 and allowed to heal. The
result is a reshaped cornea 24.
[0022] In Fig. 3A, a portion of the stroma 40 in the cor-

nea 24 is shown to include a plurality of lamellae 42, of
which the lamellae 42a, 42b and 42c are only exempla-
ry. Dimensionally, each of the lamellae 42 in the stroma
40 have a depth 44 that is approximately two microns,
and a width 46 that is between approximately one tenth
and one and one half millimeters. Thus, the lamellae 42
each have a very thin disk shape. Anatomically, the la-
mella 42 lie on top of each other in layers that extend
across the cornea 24 through a distance 48 that is ap-
proximately nine millimeters. As shown in Fig. 3A, the
individual lamella 42 overlap to some extent and are
somewhat randomly arranged in layers. Also shown, ad-
jacent layers of lamellae 42 are separated by interfaces
50 of which the interface 50 shown in Fig. 3A is exem-
plary. In general, the interfaces 50 are substantially par-
allel to each other and extend all the way across the cor-
nea 24. Importantly, tissue at the interface 50 has differ-
ent characteristics and behaves differently during pho-
toablation than the tissue inside a lamella 42.
[0023] With cross reference now to Figs. 3 and 3A, it
is to be appreciated that in accordance with the present
invention, the periphery 32 for the flap 30 is created by
photoablating a path along an interface 50 between lay-
ers of lamellae 42. With the periphery 32 established at
an interface 50, an incision extending from the anterior
surface 34 of the cornea 24 to the periphery 32 can be
made with a surgical knife to establish the edge 36 for
the flap 30. If desired, the incision from the anterior sur-
face 34 of the cornea 24 to the periphery 32 can be made
with a pulsed laser beam 22 (shown in Fig. 1) or any
other technique known in the pertinent art. Importantly,
since the periphery 32 is established at an interface 50,
corneal tissue bounded by the edge 36 can be lifted to
peel one layer of lamella 42 from another layer of lamella
42 along the interface 50 to establish the flap 30.
[0024] With cross reference now to Figs. 3, 3A and 5,
the operation of apparatus 10 to create a periphery 32
on an interface 50 between layers of lamellae begins by
establishing a start point (action block 52) in the stroma
34 of cornea 24. Specifically, the start point is estab-
lished at a distance 54 that is measured from the anterior
surface 34 of the cornea 24 in a direction that is sub-
stantially perpendicular to the anterior surface 34. As
intended for the apparatus 10, the exact location of the
anterior surface 34 can be determined using the wave-
front detector 16, and the distance 54 which will define
the thickness of the flap 30 can then be arbitrarily cho-
sen to be around about one hundred and eighty microns
from the anterior surface 34.
[0025] Once a start point has been established in the
stroma 40, action block 56 in Fig. 5 indicates that the
next step employing the apparatus of the present inven-
tion is to photoablate tissue at the start point to create
a response (i.e. a bubble in the stromal tissue). As indi-
cated by inquiry block 58, this response is then com-
pared with a reference (e.g. 15 µm). For a given energy
level, the size of the bubble that is formed will be a func-
tion of the type of tissue photoablated. In this case, with
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the same energy level, the stronger tissue inside a la-
mella 42 will yield a smaller bubble and the weaker tis-
sue at an interface 50 will yield a larger bubble. Fortu-
nately, as used for the present invention, the respective
sizes of the bubbles will serve as photoablative respons-
es that can be measured by the wavefront detector 16
using relatively well known wavefront techniques. Ac-
cordingly, the photoablative response of a bubble can
be compared with a reference value to determine wheth-
er the bubble resulted from photoablation on an inter-
face 50 or inside a lamella 42.
[0026] Continuing with Fig. 3A, if the response is
smaller than the reference, action block 60 indicates that
the depth of the focal point should be altered (i.e. the
distance 54 should be changed). This change in dis-
tance 54 will preferably be taken in an anterior direction
(indicated by the arrow 62 in Fig. 3A) and will, most like-
ly, be less than approximately two microns. After altering
the depth of the focal point, Fig. 5 shows that the new
point is photoablated (action block 56) and the new bub-
ble is measured and compared to the reference (inquiry
block 58). This process (blocks 56, 58 and 60) is con-
tinued until a bubble results that is greater than the ref-
erence (e.g. 15 µm), indicating that photoablation is oc-
curring on an interface 50.
[0027] Once a first bubble has been found on an in-
terface 50 (inquiry block 64), the reflected light 28 from
cornea 24 can be monitored by the ellipsometer 14 to
determine a birefringent reference (action block 66) for
the interface 50. As discussed above, a different bire-
fringence will be measured from one interface 50 to an-
other. This change in birefringent properties is due to
changes in the orientation of fibrils (not shown) in the
lamella 42. Thus, by measuring the birefringent proper-
ties for different points within the stroma 40, it can be
determined whether the different points are located on
a common interface 50. Once the birefringent reference
is measured for the interface 50, action block 68 shows
that the next step is to scan the focal point of the laser
beam 22 (shown in Fig. 1) along the desired path to cre-
ate the periphery 32.
[0028] Upon photoablation at the new location (action
block 56), the resultant bubble is compared with the ref-
erence standard bubble (inquiry block 58). Thus, a de-
termination is made whether the new location is on an
interface 50 or inside a lamella 42. If the response is
smaller than the reference, action block 60 indicates that
the depth of the focal point should be altered. This proc-
ess (blocks 56, 58 and 60) is continued until a bubble
results that is greater than the reference (e.g. 15 µm),
indicating that photoablation is occurring on an interface
50. Next, action block 66 indicates that the next step is
to measure the birefringent properties at the new loca-
tion (action block 70) using an ellipsometer 14, for com-
parison to the birefringent reference. As indicated by in-
quiry block 72, this measurement (i.e. action block 70)
can be used to determine whether the new location is
on the same interface 50 as the previous photoablation

point. It will happen that locations on two different inter-
faces 50 will result in a birefringent change on the order
of plus or minus one half degree.
[0029] Referring still to Fig. 5, inquiry block 72 indi-
cates that when the new bubble is not located on the
proper interface 50, the depth of the focal point is altered
(action block 60). Next, blocks 56, 58, 70 and 72 are
repeated until a point is located that is on the proper
interface 50. When a point is located that is on the proper
interface 50, and inquiry block 74 indicates that the pe-
riphery 32 is not complete, then the process is continued
(starting at action block 68) until the periphery is com-
pleted.
[0030] When the entire periphery 32 cannot be creat-
ed on a single interface 50 between layers of lamellae
42 due to the anatomy of the cornea 24 or the shape of
the desired flap 30, two or more interfaces 50 may need
to be photoablated to create the periphery 32 of the flap
30. When this is required, it may be advantageous to
alter the energy level of the laser beam 22 (shown in
Fig. 1) when cutting from one interface 50 to another.
Specifically, a higher energy is generally required to ef-
ficiently photoablate within a layer of lamellae 42 than
is required to efficiently photoablate on an interface 50.
For example, an energy of approximately five micro-
joules for a ten micron diameter spot size is suitable for
photoablation on an interface 50, while a somewhat
larger energy is more efficient for photoablation within
a layer of lamellae 42.
[0031] With reference now to Figs. 3 and 6, it can be
seen that after the periphery 32 is established, an inci-
sion extending between the anterior surface 34 of the
cornea 24 and the periphery 32 can be made with either
a surgical laser or with a surgical knife, as desired by
the operator, to establish the edge 36 for the flap 30.
Importantly, since the periphery 32 is established at an
interface 50, corneal tissue bounded by the edge 36 can
be lifted to peel one layer of lamella 42 from another
layer of lamella 42 along the interface 50 to establish
the flap 30.
[0032] While the particular Apparatus for Creating a
Corneal Flap as herein shown and disclosed in detail is
fully capable of obtaining the objects and providing the
advantages herein before stated, it is to be understood
that it is merely illustrative of the presently preferred em-
bodiments of the invention and that no limitations are
intended to the details of construction or design herein
shown other than as described in the appended claims.

Claims

1. An apparatus for establishing a periphery for sub-
sequent creation of a corneal flap for an ophthalmic
procedure, said apparatus comprising:

a laser source for creating a laser beam;
a means for directing said laser beam to a focal
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point at a location on an interface between lay-
ers of stromal lamellae to photoablate stromal
tissue at said focal point;
a means for sequentially moving said focal
point along a predetermined path to other said
focal points within the stroma to photoablate
stromal tissue to photoablate a periphery for
said flap.

2. An apparatus as recited in Claim 1 wherein said
means for directing and said means for moving said
laser beam comprise:

means for focusing the rays of a laser beam to
a start point in the stroma to photoablate stro-
mal tissue at said start point so as to create a
gas bubble in response thereto, said gas bub-
ble having a diameter;
means for comparing said diameter of said gas
bubble to a reference value to determine
whether said bubble is on an interface between
layers of stromal lamellae;
means for repositioning said laser beam so as
to focus the rays of said laser beam at another
point when said comparing step indicates that
said bubble is not on an interface between lay-
ers of stromal lamellae;
the apparatus adapted to repeat said compar-
ing and repositioning steps until a bubble re-
sults that is on an interface between layers of
stromal lamellae.

3. An apparatus as recited in Claim 1 wherein said
means for directing comprises a wavefront detector.

4. An apparatus as recited in Claim 2 or Claim 3
wherein said reference value is indicative of a gas
bubble in the stroma having a diameter of approxi-
mately fifteen microns.

5. An apparatus according to any preceding claims
further comprising means for incising the cornea
between the anterior surface of the cornea and said
periphery to create an edge for said flap.

6. An apparatus as recited in Claim 5 wherein said
means for incising is a laser beam.

7. An apparatus as recited in Claim 5 wherein said
means for incising is a blade.

8. An apparatus according to any preceding claim fur-
ther comprising means for separating layers of stro-
mal lamellae from each other at said interface to
create said flap, with said flap being bounded by
said edge.

9. An apparatus according to Claim 8 wherein the lay-

ers of stromal lamellae are mechanically peeled
from each other at said interface.

10. An apparatus as recited in any previous claim
wherein said periphery is a curved line having a ra-
dius of curvature around the optical axis of the eye
of approximately four and one half millimetres and
said curved line extends through an arc of approx-
imately two hundred and seventy degrees.

11. An apparatus as recited in any preceding claim
wherein said laser source is a pulsed laser source.

12. An apparatus as recited in any one of Claims 2 to
11 comprising means to alter the depth of said focal
point when said comparing step indicates that said
bubble is not on an interface between layers of stro-
mal lamellae.

13. An apparatus according to any one of Claims 2 to
12 wherein said reference value is indicative of a
gas bubble in the stroma having a diameter of ap-
proximately fifteen microns.

14. An apparatus as recited in any one of Claims 2 to
13 including an ellipsometer for measuring a bire-
fringent property for a first bubble and a second
bubble that are on an interface between layers of
stromal lamellae; and

means for varying the depth of said focal point
before photoablating with said laser beam at a suc-
cessive location when the birefringent property
measurement of said second bubble is not approx-
imately equal to the birefringent property measure-
ment of said first bubble.
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